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Abstract 
The crystallograpic structure and properties of Zirconium nitride (ZrN) films deposited on 304 stainless steel were investigated. 
The substrates were placed either parallel with or perpendicular to the Zirconium target. The ZrN films were found to exhibit 
{311} orientations when substrate parrallel with target, however {220} orientation when substrates perpendicular to target. SEM 
results showed that the parallel ZrN films have round-shaped droplets, and perpendicular orientation ZrN films have oval-shaped 
droplets. The thickness of ZrN films in parallel mode is 1/2 of that in perpendicular mode. Nanoindentation results showed the 
hardness of ZrN films in perpendicular mode is lower than that of parallel mode. Potentiodynamic scanning results showed the 
corrosion resistance of films in perpendicular mode is better than that of films in parallel mode. 
PACS:52.77.Dq 
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1. Introduction 
Zirconium nitride(ZrN) is an attractive material due to its good chemical and physical properties. Nowadays, ZrN 
films have been used as hard wear resistant coatings[ ]1 , diffusion barriers[ ]2 , oxidcation resistance coatings[ ]3 , and 
etc.. 
Many PVD methods have been used to deposite ZrN films, such as ion-beam sputtering[ ]4 , magnetron 
sputtering[ ]5 , arc vapor deposition[ ]6 . Among the various deposition techniques for producing ZrN, ion plating 
provides better adhesion and smoother surface of the coating than some other techniques[ ]7 , also has several other 
advantages, such as low contanmination, high ionization degree of the evaporated species and high deposition 
rate[ ]8 . Fig. 1 shows the schematic of the deposition system.  
Transition metal nitride films (TiN, ZrN et.,al) often exhibit preferred crystal orientation, with the particular 
orientation having a condisiderable effect on the properites of the films[ , ]9 10 . Identifying the effect of process 
parameters on the crystal structure of these films is thus very important. A number of studies have focused on the 
effect of the temperature, substrate negative bias[ ]11 , N2/Ar flow rate[ , ],12 13  deposition rate[ ]14  on the properties of 
ZrN films, few study the effect of substrate-target orientation, which play an important role during the deposition 
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process as shown in Fig. 1. 
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Fig. 1 Schematic of the apparatus for arc ion plating system 
In this study, arc ion plating method was used to deposit ZrN films. The influence of deposited parameters, 
especially the substrate-target orientation mode, on the microstructure and properties were investigated 
2. Experimental details 
The deposition processes were performed in a multi-arc deposition system(Fig. 1). Two kinds of ZrN films were 
deposited on 304 stainless steel, with negative bias voltage -100V and -200V, the substrate is parallel with and 
penperdicular to the target respectively(Table 1).  
Prior to deposition, the specimens were undergone ultrasonic cleaning progressively in acetone and ethanol, then 
dried using a blower and put into coating chamber as soon as possible. The coating chamber was evacuated to 7×10-
3 Pa to increase the purity of the films. Prior to deposition, the Ar ion sputtering was carried out at a pressure of 3Pa 
and a substrate bias voltage of -1000V for 15-20mins, Zr ion sputtering was carried out at 0.5Pa and -600V for 
5mins to clean the substrates futhermore.  
The crystal structure of ZrN films was investigated by CuKĮ XRD. The surface mophology was characterized by 
SEM. The corrosion resistance was evaluated by potentiodynamic scanning in 5% NaCl solution. After each 
potentiodynamic polarzation test, the corrosion potential, Ecorr, and the corrosion current density, Icorr, can be 
determined by Tafel plot. 
Table 1 Two kinds of ZrN films deposited at different condictions and corrosponding properties results 
IHardness E corr corr 
(GPa) (V) (XA/cm2)  
A B A B A B 
S1 32.58 30.32 -0.93 -0.66 1.536 1.417 
37.40S2 35.63 -0.87 -0.89 1.389 1.104 
304  -0.855 29.56 
S1: negative bias -100V; S2:negative bias -200V 
304: bare 304 stainless steel sample 
A: Parallel mode B: Perpendicular mode. 
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3. Results and discussion 
3.1. SEM results 
Fig. 2 shows the morphology of ZrN films depostied in parallel mode and perpendicular mode at bias viltage -
100V(a,b) and -200V(c,d) respectively. At -100V, more zirconium droplets, which came from the zriconium target 
are observed on the surface, compared with that of -200V. It is believed that the zirconium particles will be 
sputtered off from the surface at high negative bias. Moreover, the shape of these droplets have different 
characteristics: in parallel mode, they are round, while on perpendicular mode, they are oval, somelike ‘blowed’ to 
one side. These results show that the surface morphology of ZrN films is related to the orientation of the substrate 
during deposition, indicating different deposition processes. Models of these processes are shown in [15]. During 
film growth on the parallel oriented substrate, ZrN crystal growth, etching by zirconium ions and droplet deopsition 
all occur at the same time. In the perpendicular case, however, a much smaller amount of droplet deposition is 
observed during film growth. 
Parallel mode ZrN films with negative bias -200V were grown to a thickness of approximately 10 um, whereas 
perpendicular mode films were grown to approximately 4.8 um (Fig. 4). This could be understood easily by 
considering the difference of the deposition rate between parallel mode and perpendicular mode, as shown in Fig. 3. 
Fig. 4 EDX results also show that on perpendicular mode, there is a mixture layer of Fe and Zr at the interface of 
ZrN films and substrate. While on parallel mode, there is almost no mixture layer. 
Fig. 2 ZrN films surface morphology for (a) (c) Perpendicular mode, (b) (d) Parallel mode 
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Fig. 3 Differences in deposition processes depending on the orientation of the substrate (a) Parallel mode (b) Perpendicualr mode 
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Fig. 4 Cross-sectional SEM image of ZrN films with negative bias -200V (a) penperdicular mode (b) parallel mode EDX results 
3.2. XRD results 
Fig. 5 shows the x-ray diffraction pattern of ZrN films with substrate parallel with and perpendicular to Zr target 
at negative bias -100V and -200V. Both the films do not show strong preferred orientation. In perpendicular mode, 
ZrN (111) and (220) diffraction peaks are observed, whereas in parallel mode, ZrN(111) and (311) peaks are 
observed. It is notable that in perpendicular mode, the intensity of ZrN(111) peak decreases and ZrN(220) peak 
increases when negative bias changes from -100V to -200V. In parallel mode, similar phenomena are found: as the 
bias changes from -100V to -200V,ZrN(111) peak decreases and ZrN(311) peak increases.  
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Fig. 5 The XRD of ZrN films with substrate parallel with and perpendicular to Zirconium target at different negative bias (a) -100V  (b) -200V 
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These results indicate that no matter what the substrate-target orientation is, the film has ZrN(111) orientation, 
and its intensity decrease as the bias change more negative. Fig. 6 is the a plot of full-widths at half-
maximum(FWHM) of ZrN(111) peaks. It can be found that the FWHM of parallel mode is lower than that of 
perpendicular mode, indicating ZrN films deposited at parallel mode has better crystalline quality. It has been 
reported[ ]13  that the ion bombardment is correlated to the momentum transfer or the energy deposited in a certain 
volumn on the surface. This momentum transfer or energy deposition can facilitate the adatoms movement on the 
surface to the equilibrium lattice site and therefore enhance the crystallinity of the film. Moreover, the slop 
discrepancy at negative bias -100V and -200V indicates the substrate-target orientation at low negative bias has 
greater influence on crystalline structure. The crystallographic structure difference between parallel mode and 
perpendicular will be reflected by films properties below. 
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Fig. 6 The full-widths at half-maximum(FWHM) of (111) peak at substrate-target parallel mode and perpendicular mode 
3.3.  Hardness 
The variation of nanohardness with bias voltage for parallel mode and perpendicular mode samples are shown in 
Table 1. The hardness of ZrN films in parallel mode are higher than that in perpendicular mode. We believe that the 
better crystallinity and {111}{311} orientation on the parallel mode contribute to the hardness of ZrN films. Some 
researchers[ ]16  found that the hardness of the deposited ZrN films was correlated with (111) texture coefficient, and 
crystallinity characterized for the films. The hardness increased with decreasing (111) full width of the peak at half 
maximum (FWHM) and increasing (111) texture coefficient, suggesting a better crystallinity and lower grain 
boundary mobility in the highly textured films. 
Moreover, the hardness at -200V negative bias are higher than that of -100V. It could be attributed to Zr+ 
bombardment on the growing films, the former is directly bombardment effect, the latter is higher momentum 
energy, consequently increases the intensity of the films, and induces compressive residual stress 
3.4. Corrosion resistance 
The potentiodynamic polarzation curves of the coatings and the base metal are shown in Fig. 7. Apparently, the 
coated specimens have lower Icorr than uncoated specimens(bare 304). Compared with the bare 304 stainless steel, 
the coated specimens reveal good corrosion resistance and the corrosion rate decreases at least an order of 
magnitude (Table 1). 
It is insteresting that perpendicular mode coatings have lower Icorr values, indicating better corrosion resistance 
than the parallel mode. Coating thickness is related to the length of diffusion path of corrosive media, and thicker 
coating usually has better corrosion resistance. Since the thickness of ZrN films in perpendicular mode is less than 
that of parallel mode, the films’ microstructure must be taken into account. It has been discussed in Fig. 2 that in 
perpendicular mode, the dropets were blowed to one side, this phenomenon happened along with the growth of the 
films, so there is lesser probability for the film to have pinholes interconnecting one another from top surface to the 
bottom surface adjacent to the underlying metal that needs protection, compared with parallel mode. As a result, the 
corroding medium would encounter more resistance during its penetration or diffusion through the film to the metal 
substrate, thus improves the corrosive resistance. 
Ecorr value represents the corrosion potential of specimens, which is a thermodynamic property. Fig. 7(a) shows 
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the perpendicular mode has more positive Ecorr value than bare 304, indicating higher corrosive potential than bare 
304 substrate. While the parallel mode has more negative Ecorr than bare 304. Since the variation of Ecorr of samples 
coated with ZrN film is not supposed to be far away from that of bare 304, the reason should be studied further. 
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Fig. 7 Comparison of potentiodynamic polarization curves for ZrN films at different negative bias: (a) -100V; (b) -200V 
4. Conclusion 
1. For ZrN films depostied in perpendicular mode, the droplets exhibit oval shape; for parallel mode, the droplets 
exhibit round shape. The thickness of perpendicular mode is 1/2 that of parallel mode.  
2. For ZrN films deposited in perpendicular mode, the films have {111} and {220} peaks, while for parallel mode, 
the films show {111} and {311} peak. {111} intensity decrease as the bias becomes more negative. 
3. The hardness of ZrN films deposited in perpendicular mode are lower than that of parallel mode.  
4. The corrosion rate of ZrN-coated 304 stainless steel decreases at least an order of magnitude compared with bare 
304 stainless steel. ZrN films deposited in perpendicular mode have better corrosion resistance than that of 
parallel mode. 
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